1. Case study {#sec0005}
=============

A 72-year old woman presented with the complaints of chest pain and dyspnea occurring since the last 3--4 weeks, which is increased during her routine chores and resolved after rest, hampering her daily activities. Her medical history revealed that she has been a hypertensive for eight years. She had complained of chest discomfort 2 years ago and had undergone Percutaneous Coronary Intervention (PCI) with two drug eluting stents, following which her angina was relieved. Her left ventricular ejection fraction (LVEF) on 2D echo is 35%. Her blood pressure is under control at 138/82 mm Hg with amlodipine 5 mg and perindopril 8 mg. In addition, since the onset of angina, metoprolol 50 mg twice a day and nicorandil 5 mg twice a day has been added. In spite of these medications she presently needs to take nitroglycerin (0.4 mg sublingually) approximately 2--3 times a day for angina relief. This case scenario presents a challenge for the physician as the patient is already under treatment with most of the existing potential medications for stable angina. An alternate modality is the need in this case to effectively manage her troublesome angina and improve her quality of life. For personal reasons she is not willing to undergo further intervention.

As described by Opie L in 1999, "*The heart is more than just a pump. It is also an organ that needs energy from metabolism. A metabolic disease, ischemia, should ideally be treated by metabolic therapy*".[@bib0385] Hence, metabolic therapy has been evolved as a potential and effective treatment modality, which could be prescribed in this situation to overcome her ongoing complaints.

Usually stable coronary artery disease (CAD) patients would be prescribed two to three antianginal drugs such as beta-blockers, calcium channel blockers and nitrates.[@bib0390] As these agents act by altering hemodynamic system, the addition of multiple drugs may be associated with side effects. Furthermore, usage of nitrates regularly can lead to tolerance. Therefore, in such situations, the need would be to treat the patients with an alternative and effective treatment modality.[@bib0390]

Metabolic therapy can be considered for cardiovascular ailments such as CAD and heart failure (HF). Indeed, recent several studies have shown that metabolic therapy can be a potential and promising approach in dealing with CAD and HF.[@bib0395] Metabolic therapy functions by modulating metabolism, i.e. shift the energy production pathway from fatty acid to glucose in the presence of decreased oxygen supply. As these agents function without affecting the hemodynamic alterations, they would not add further to the side effects already produced by heavy multiple hemodynamically acting agents.[@bib0390] Trimetazidine and ranolazine are the two main metabolic modulators, which are available in clinical practice today. Trimetazidine has been extensively studied for patients with angina and those with reduced left ventricular (LV) function, with or without HF. Recent guidelines published by European Society of Cardiology (ESC 2016), have recommended trimetazidine in patients with HF with ongoing angina.[@bib0400] Moreover, trimetazidine has also been clinically tested for its cardioprotective role in combination with other interventions. The objective of this article is to present the role of metabolic management and the future perspectives of metabolic therapy in patients with angina and HF due to CAD.

2. Deranged myocardial metabolism in CAD and HF {#sec0010}
===============================================

During normal conditions, the heart generates most of its energy from free fatty acid (FFA) oxidation with the rest from glucose oxidation and lactate.[@bib0405] The number of moles of adenosine triphosphate (ATP) produced per mole of carbon oxidized is approximately 29% higher for FFA compared to glucose.[@bib0410] In hypoxia, glucose is preferred for energy production, since glycolysis requires less oxygen per mole of ATP generation compared to FFA oxidation.[@bib0415] The number of moles of ATP produced per mole of oxygen spent is 12% higher for glucose than for FFA oxidation.[@bib0420] Increasing the use of glucose and lactate can improve the oxygen utilization and efficiency of the myocardium by 16--26%.[@bib0425], [@bib0430] Hence, generation of energy becomes more dependent on glucose metabolism.

Meanwhile, continued availability of FFAs, inhibit pyruvate dehydrogenase (PDH), which in turn allows accumulation of pyruvate. Pyruvate converts into lactate resulting in intra cellular acidosis. This in turn causes metabolic, morphological and functional alteration of the myocardium leading to arrhythmias, contractile failure and electrophysiological abnormalities.[@bib0415] In addition, FFAs reduce glucose uptake at cellular level, leading to further increased conversion to lactate, resulting in cell acidosis. Hence, FFA pathway slows down ATP production. These metabolic alterations ultimately lead to cell death. Heart failure is a late manifestation of CAD, because ischemia contributes to the advancement of LV systolic dysfunction. Therefore, altered metabolism is likely to be an indirect but important cause of HF ([Fig. 1](#fig0005){ref-type="fig"}).[@bib0405]Fig. 1Probable reasons of metabolic alterations in CAD and HF. ATP: adenosine triphosphate; PCr: phosphocreatine.

Abnormalities in cardiac functioning may also arise at the level of energy transfer from mitochondria to myocardial muscles. The generated ATP in mitochondria can be transferred to the myofibrils by the creatine kinase (CK) energy shuttle. In this process, the high-energy phosphate bond in ATP can be transferred to creatine by mitochondrial CK to form phosphocreatine (PCr). Phosphocreatine in turn diffuse through the mitochondrial membrane into myofibrils, where myofibrillar CK catalyses the reformation of ATP from PCr.[@bib0435] The work of the heart is continuous, and this is reflected in the high rate of ATP hydrolysis (≈0.5 μmol/g wet weight per second).[@bib0435] Consequently, the high-energy phosphate pool in the heart can be exhausted within a short time. Eventually, the PCr level decreases, but the free adenosine diphosphate (ADP) level rises. The amplified level of free ADP inhibits the function of many intracellular enzymes, resulting in failure of the heart\'s contractile mechanism. Thus, a metabolic imbalance in the cardiac cell can occur when PCr levels fall and free ADP levels rise.[@bib0435] Hence, the PCr:ATP ratio is a measure of myocardial energetics and its reduction may cause reduced efficiency of myocardial contraction ([Fig. 2](#fig0010){ref-type="fig"}, [Fig. 3](#fig0015){ref-type="fig"}).Fig. 2Metabolic alterations in CAD and HF. ADP: adenosine diphosphate; ATP: adenosine triphosphate; CPT: carnitine palmitoyl transferase; PDH: pyruvate dehydrogenase; TCA: tricarboxylic acid cycle.Fig. 3Phosphocreatine shuttle system. ADP: adenosine diphosphate; ATP: adenosine triphosphate; CK: creatinine kinase; Cr: free creatinine; PCr: phosphocreatinine.

In principle, the approach of metabolic management is to switch the energy substrate preference from fatty acid oxidation to glucose oxidation.

3. Metabolic management of CAD and HF {#sec0015}
=====================================

Given the above described pathophysiological background and the difficulty of standard treatment to control the total symptomatic and prognostic burden in many patients with ischemia and HF, it seems logical to consider pharmacological manipulation of cardiac energy metabolism as an adjunctive therapeutic option. As mentioned earlier, optimization of cardiac energy metabolism is based on promoting cardiac glucose oxidation.

3.1. Trimetazidine {#sec0020}
------------------

Trimetazidine is the most extensively studied drug among the metabolic therapies. It has multimodal action on cardiac energy metabolism. Major cardioprotective actions involve, (1) inhibitory effects on fatty acid oxidation, thus favoring glucose oxidation; (2) redirect fatty acids toward membrane phospholipids; (3) preserve PCr and ATP intracellular levels (PCr/ATP ratio).[@bib0435]

Trimetazidine inhibits the mitochondrial long chain 3-ketoacyl-CoA thiolase, the terminal enzyme, which participates in FFA β-oxidation. A decrease in FFA oxidation results in increase of glucose oxidation leading to ATP generation with less oxygen utilization. Trimetazidine also stimulates membrane phospholipid turnover during ischemia and reperfusion, thereby redirecting FFA toward phospholipids resulting in increased cell tolerance to ischemia-reperfusion damage.[@bib0405] Moreover, it is clinically evident that trimetazidine may also preserve myocardial high-energy phosphate intracellular levels by improving PCr:ATP ratio by +33%.[@bib0440]

Additionally, trimetazidine delays the onset of anaerobic glycolysis and hence prevents free radical generation, maintains ATP production, and reduces intracellular acidosis. Trimetazidine potentially prevents membrane damage and cell death by decreasing sodium and calcium concentration.[@bib0415] In contrast to classical antianginal therapies, trimetazidine does not show any effect on coronary flow, contractility, blood pressure, or heart rate. Moreover, it does not show inotropic or vasodilator properties at rest or during exercise; thus, it can be easily combined with conventional pharmacotherapy as an add-on therapy, as well as substitution therapy when traditional drugs are not tolerated.[@bib0405]

### 3.1.1. Trimetazidine in coronary artery disease {#sec0025}

Trimetazidine has been examined in a number of studies as monotherapy for CAD. One of such studies, the Trimetazidine European Multicenter Study (TEMS) witnessed the comparable results of trimetazidine and propranolol with respect to time for ST segment depression on exercise testing and the time for onset of symptomatic angina.[@bib0445] A similar study found significant reduction of anginal attack frequency and nitroglycerin consumption with trimetazidine versus placebo.[@bib0450] Similarly, a comparative study suggested that trimetazidine is an effective and safe substitute for diltiazem in the treatment of patients with stable angina pectoris.[@bib0455]

Furthermore, trimetazidine was also examined as a combination therapy for CAD. The Trimetazidine in Poland (TRIMPOL-I) study suggested that 4 weeks treatment with trimetazidine in combination with conventional antianginal drugs, significantly decreased the number of angina episodes and improved myocardial ischemia and exercise capacity in patients with stable exercise-induced angina.[@bib0460]

Additionally, in the TRIMPOL-II study, 12 weeks treatment of trimetazidine in combination with metoprolol in patients with stable effort angina, exhibited significant improvements in exercise stress and the symptoms of angina relative to metoprolol alone.[@bib0465] The Trimetazidine in Angina Combination Therapy (TACT) study demonstrated that trimetazidine with β-blockers or Long-Acting Nitrates (LAN) significantly improved exercise stress test parameters and decreases angina symptoms compared with placebo.[@bib0470]

The METRO (ManagEment of angina: a reTRospective cOhort) study suggested that inclusion of trimetazidine to other antianginal drugs (nitrates, beta-adrenoceptor antagonists, calcium channel antagonists, or nicorandil) early in the treatment of stable angina significantly reduced the risk of post MI mortality in patients surviving a myocardial infarction.[@bib0475]

Trimetazidine plus diltiazem demonstrated significant improvement in patients with stable angina pectoris compared to diltiazem plus placebo.[@bib0480], [@bib0485] Similarly, trimetazidine in combination with standard therapies, improved LV function in diabetic patients with CAD and caused a significant reduction in mortality after surviving a myocardial infarction.[@bib0490] In another study, trimetazidine plus standard therapy exhibited improvement of clinical complications and quality of life in elderly patients with ischemic heart disease (IHD) and reduced ventricular function compared to placebo.[@bib0495]

The VASCO-angina study examined the efficacy of trimetazidine on total exercise duration (TED) and time to 1-mm ST segment depression (T1), in symptomatic patients with chronic stable angina receiving background atenolol therapy. The study demonstrated that trimetazidine significantly increased TED. In addition, amongst patients with limiting angina during exercise test, trimetazidine markedly improved both T1 and TED.[@bib0500] In a recent study, in patients with ischemic or non-ischemic cardiomyopathy microvolt T wave alternans has been found to be significantly improved in trimetazidine treated group compared to control group (63 ± 8 μV vs. 53 ± 7 μV). The study concluded that trimetazidine may be an effective drug to prevent arrhythmic complications in patients with stable CAD.[@bib0730]

The observations from monotherapy and combination therapy studies are reiterated by meta-analyses also. A large meta-analysis (*n* = 19,028) observed that trimetazidine substantially improved exercise tolerance, decreased weekly angina episodes, and use of short-acting nitrates compared to placebo.[@bib0505] A later meta-analysis confirmed the efficacy of trimetazidine in the treatment of stable angina pectoris, in comparison with conventional antianginal agents, irrespective of treatment duration.[@bib0510] Moreover, ESC-2013 guidelines recommended the use of trimetazidine as a second-line treatment for CAD (Recommendation: Class IIb, Level B).[@bib0515] In addition, recently published management protocols of stable CAD, which are funded by Cardiological Society of India recommended use of trimetazidine besides to angina, microvascular and vasospastic angina.[@bib0725]

### 3.1.2. Trimetazidine in heart failure {#sec0030}

Similar to the evidence in CAD, there is abundant evidence to support that the fact that trimetazidine not only improves symptoms of HF but also causes an improvement in cardiac ejection fraction (EF). A study with trimetazidine versus placebo in addition to standard therapy for patients with New York Heart Association (NYHA) class III/IV observed that at 6 months, LVEF increased in the trimetazidine group compared to the placebo group.[@bib0520]

In another study, trimetazidine improved the contractile response of chronically dysfunctional myocardium to dobutamine in patients with ischemic cardiomyopathy. Improvement in LVEF and peak VO~2~ (volume of oxygen) were also observed.[@bib0525]

In a study by Fragasso et al., trimetazidine improved functional class and LV function in patients with HF and increased the PCr/ATP ratio, which indicates the preservation of the myocardial high-energy phosphate levels.[@bib0440] Another study by Fragasso et al. demonstrated that adding trimetazidine to conventional therapy in HF patients improved the NYHA functional class, decreased LV end-systolic volume and increased LVEF, while the same parameters deteriorated in placebo group.[@bib0530]

In a meta-analysis, trimetazidine treatment witnessed increased exercise tolerance, improved NYHA functional class, and increased LVEF in ischemic HF compared to placebo. Moreover, the review reported that trimetazidine reduced hospitalizations and overall mortality.[@bib0535]

Another meta-analysis involving chronic heart failure (CHF) patients showed that trimetazidine decreases hospitalization for cardiac causes and improves clinical symptoms, cardiac function, and LV remodeling.[@bib0540] Moreover, trimetazidine had no harmful effect on heart rate or blood pressure.[@bib0545]

An International multicenter long term cohort study (retrospective) of 699 patients with NYHA class II to IV, and ejection fraction (EF) \<45%, showed 11.3% improvement in survival over a five year period.[@bib0550] A Single center prospective study, "Effects of Long-Term Treatment with Trimetazidine in 200 Ischemic Cardiomyopathy Patients" showed that at 24 months, a 30% improvement in survival rates when trimetazidine was added to the usual therapy. This was associated with an 8.3% increase in LV ejection fraction.[@bib0545]

Therapeutic efficacy of trimetazidine has been proved in Asian population too. A recent study from Bangladesh compared the treatment efficacy of trimetazidine (*n* = 55 patients; 35 mg sustained released tablet, bid) with placebo plus conventional medications (*n* = 53 patients). After 6 months, significantly more number of patients in trimetazidine group was in NYHA class I (22% vs. 8%) and class II (56% vs. 34%); higher number of patients in placebo group was in NYHA class III class IV. Anginal episodes and use of sublingual nitrate per week were significantly lower in the trimetazidine group. Left ventricular diastolic dimension (59.7 ± 5.2 vs. 65.1 ± 6.1) and the increase of LVEF (11% vs. 5.6%) were significantly improved. Hospitalizations were also very low in trimetazidine group (13 vs. 22).[@bib0735] Furthermore, An India-based study demonstrated that trimetazidine plus conventional therapy vs conventional therapy alone in patients with dilated cardiomyopathy and HF, improved NYHA functional class (2.25 vs 1.85), 6 min walk test (349.7 vs 402 m), LV dysfunction-36 score (25.5 vs 21) and BNP (744.7 vs 248.3 pg/ml).[@bib0740]

European Society of Cardiology guidelines-2016 recommended use of trimetazidine when angina persists despite treatment with a β-blocker (or alternative) to relieve angina (effective anti-anginal treatment, safe in HF) (Recommendation: Class IIb, Level A).[@bib0400]

### 3.1.3. Additional actions of trimetazidine along with other cardiovascular interventions {#sec0035}

Beyond the conventional use of trimetazidine in CVDs, trimetazidine has been studied in several other medical interventions such as PCI, coronary artery bypass grafting (CABG) and with thrombolytic agents.[@bib0555] In several studies trimetazidine was found to demonstrate cardioprotective effects.

#### 3.1.3.1. Trimetazidine with thrombolytic agents {#sec0040}

In diabetic patients receiving thrombolytic treatment for anterior wall ST elevation myocardial infarction (STEMI), oral trimetazidine administration was associated with less myocardial damage, earlier successful reperfusion, improvement of LVEF and less cardiac adverse events such as reduced hospitalization for heart failure and re-infarction. Moreover, in this study, a complete resolution of ST-segment elevation in 90 min was found in 70% (*n* = 35) patients in trimetazidine (70 mg then 35 mg twice daily) group vs. 36% (*n* = 18) patients in placebo group.[@bib0560]

#### 3.1.3.2. Trimetazidine in pre-PCI {#sec0045}

Effect of pre-procedural acute oral administration of trimetazidine on PCI-induced myocardial injury was evaluated in a study (*n* = 266 patients); the findings witnessed that post-procedural cardiac troponin I levels were markedly decreased in the trimetazidine group compared to control group at 6 h (4.2 ± 0.8 vs 1.7 ± 0.2), 12 h (5.5 ± 1.5 vs 2.3 ± 0.4), 18 h (9 ± 2.3 vs 3 ± 0.5), and 24 h (3.2 ± 1.2 vs 1 ± 0.5) after PCI; this indicates a decreased PCI-evoked myocardial injury with trimetazidine administration.[@bib0565] Further, in a study that randomized stable or unstable angina pectoris patients (*n* = 101) to receive or not trimetazidine, angina did not occur in trimetazidine group, compared with 25.5% in the control group. The changes of ST-segment and T-wave during balloon dilatation in PCI procedure were less noticeable in the trimetazidine group compared to control group (60.8% vs. 78.3%). Ejection fraction in the trimetazidine group was higher than that in the control group 66.6% versus 63.0%, 4 weeks after PCI.[@bib0570] Moreover, a similar study evaluated the effect of pre-treatment with trimetazidine on the extent of ischemia for PTCA; the study findings observed significant lower mean and maximal ST segment elevations during balloon inflation and significant lower mean and maximal amplitude of the T-wave alteration.[@bib0575]

Furthermore, a recent meta-analysis examined the additional use of trimetazidine in patients undergoing PCI demonstrated that trimetazidine significantly improved the LVEF, decreased elevated cardiac troponin Ic level, angina attacks during PCI, and ischemic ST-T changes on the echocardiogram during PCI. Therefore trimetazidine can be used additionally in patients undergoing PCI for reducing myocardial injury during the procedure and improve cardiac function.[@bib0580]

#### 3.1.3.3. Trimetazidine in post-PCI {#sec0050}

A randomized controlled trial (RCT) examined the effect of trimetazidine in patients with acute STEMI without ST-segment resolution after primary PCI (*n* = 138); the study witnessed that trimetazidine improved the LV at days 30 and 180, as denoted by the LVEF, which was 51% versus 45% and 56% versus 49%, correspondingly.[@bib0585] Another RCT examined the effects of trimetazidine on heart rate variability and LV systolic performance in patients with CAD receiving trimetazidine (*n* = 26 patients; 20 mg thrice a day) 24 h after PTCA. A statistically significant improvement of LV systolic performance and augmentation of the parasympathetic band of heart rate variability were observed in patients treated with trimetazidine, while no apparent changes were observed in controls.[@bib0590]

A single center study (*n* = 700 patients) conducted to evaluate the effects of trimetazidine in elderly coronary heart disease (CHD) patients with diabetes mellitus found that patients in the trimetazidine group (*n* = 255) compared with control group, exhibited marked improvements in the frequency and severity of angina pectoris (28.2% vs 37.6%), recurrent angina pectoris (40.4% vs 51%), as well as silent myocardial ischemia (34.5% vs 45.9%). In addition, LV function and structure in trimetazidine-treated patients were comparatively stable at 2-year follow-up, while they aggravated in the control group with a significant difference between groups.[@bib0595] Similarly, the potential of trimetazidine in preventing in-stent restenosis was prospectively assessed in 635 patients after drug-eluting stent (DES) implantation. Trimetazidine administered for at least 30 days after the procedure significantly decreased the occurrence of stent restenosis from 11.1% to 4.2% on follow-up at 9--13 months. The frequency of major adverse cardiac and cerebrovascular events (MACCEs) were also reduced in the trimetazidine-treated group at 1-year follow-up (6.1% vs 10.8%).[@bib0600]

#### 3.1.3.4. Trimetazidine in coronary artery bypass grafting (CABG) {#sec0055}

The effects of trimetazidine on ischemic injury and myocardial reperfusion were also evaluated in patients undergoing CABG.[@bib0605] Effect of trimetazidine on the cardiac biomarkers (troponin T and CpK-Mb) was compared with placebo in a randomized, double-blind, prospective study. Both troponin T and CpK-Mb reached highly significant values in the control group compared with the trimetazidine group at the 4 time points analyzed: 5 min after aortic declamping, and at subsequent 12, 24, and 48 h.[@bib0610] In an RCT, patients (*n* = 40) undergoing elective CABG were treated with trimetazidine or placebo. Fractional area change increased by 12% in both groups. Lactate levels were markedly lowered in the trimetazidine group; only in the trimetazidine group less calcium channel blocking drugs were required in the early phase after aortic clamping.[@bib0615] Furthermore, a systematic review investigated the effectiveness of myocardial preservation of preoperative trimetazidine therapy in CABG patients by assessing the postoperative levels of several blood-based biochemical markers of myocardial injury. The study witnessed a positive effect of trimetazidine on myocardial preservation.[@bib0620]

3.2. Ranolazine {#sec0060}
---------------

Ranolazine functions by inhibiting the late inward sodium channel (late INa), which stays open in myocardial ischemia.[@bib0625] Increased intracellular sodium burden results in major metabolic and electrophysiological disturbances.[@bib0625] This is its main non metabolic mode of action; its metabolic effect is again through the conversion of fatty acids toward glucose metabolism. The activity of ranolazine is more significant in ischemic myocytes. Ranolazine is relatively safe with the main side effects of dizziness, nausea, asthenia, constipation, and headache. An anticipated worry about ranolazine is that it could cause dose-dependent prolongation of the QTc, the net effect of its inhibition of IKr, late INa, and late ICa. Metabolism of ranolazine occurs in the liver and eliminated in the urine and thus it is contraindicated in hepatic impairment. Ranolazine interferes with the metabolic pathways of simvastatin and digoxin, thus while concomitant use, dose adjustments of these drugs may be needed.[@bib0630]

### 3.2.1. Ranolazine in coronary artery disease {#sec0065}

A number of studies examined the use of ranolazine in CAD. In one such study, ranolazine markedly reduced angina episodes and nitroglycerine usage and substantially increased exercise duration and time to exercise-induced myocardial ischemia in patients with stable CAD.[@bib0635] Furthermore, Several clinical studies such as the Monotherapy Assessment of Ranolazine in Stable angina (MARISA),[@bib0640] the Combination Assessment of Ranolazine in Stable Angina (CARISA)[@bib0645] and Efficacy of Ranolazine in Chronic Angina (ERICA)[@bib0650] have shown a significant benefit with ranolazine in patients with stable angina.

Furthermore, the Metabolic Efficiency with Ranolazine for Less Ischemia in Non-ST-elevation acute coronary syndromes (MERLIN)-TIMI 36 study in patients with unstable coronary disease, did not show a significant decrease in the composite end point of cardiovascular death, myocardial infarction, or recurrent ischemia. However, ranolazine showed a marginal effect on disease-specific health status and quality of life (QOL) over around 12 months of follow-up.[@bib0655] In addition, the MERLIN-TIMI 36 trial determined the effect of ranolazine on 1-year incidence of recurrent CV events in the patients with prior chronic angina. The results showed that ranolazine reduced recurrent ischemic events, regardless of whether patients did or did not receive PCI within 30 days of a non-ST-segment acute coronary syndrome (ACS).[@bib0745] Ranolazine was also found to produce a favorable impact on diastolic function parameters in patients with chronic coronary disease and stable angina.[@bib0750] A study examined the effect of ranolazine plus other standard therapies (β-blockers, LAN, calcium-channel blockers) in patients with type 2 diabetes, found that angina attacks occurred less frequently in patients received ranolazine than placebo.[@bib0660] Similarly, another study assessed long-term safety of ranolazine witnessed that no patient was affected with torsade-de-pointe and QTc was increased on average by 2.4 ms.[@bib0665] European Society of Cardiology-2013 guidelines recommended adding ranolazine as a second-line treatment in CAD patients according to heart rate, blood pressure and tolerance (Recommendation: Class IIa, Level B).[@bib0515]

### 3.2.2. Ranolazine in heart failure {#sec0070}

Besides CAD, studies examined ranolazine in the management of HF also. A study in patients with HF with preserved ejection fraction (HFpEF), observed that inhibiting late Na^+^ current by ranolazine, improved hemodynamic measures. However, as this trial is only a proof of concept study, there is a requirement for further studies to corroborate the findings of the study.[@bib0670] The latest meta-analysis reported that ranolazine was found to be effective in reducing the risk of atrial fibrillation (AF) when compared to control. Subgroup analysis showed a larger effect was seen in postoperative AF compared to no postoperative AF (Guerra, 2017). Some studies have demonstrated that ranolazine increases LVEF and when added to guideline-prescribed therapy in CHF.[@bib0675] Therefore ESC guidelines recommended considering ranolazine in patients with stable angina and symptomatic (NYHA Class II-IV) HF with reduced ejection fraction and unable to tolerate a beta-blocker to relieve angina but safety in this patient group needs to be kept in mind (Recommendation: Class IIb, Level C).[@bib0400]

3.3. Other metabolic therapies {#sec0075}
------------------------------

Besides trimetazidine and ranolazine there are few other metabolic modulators, which were examined for dealing with CAD and HF. They are: perhexiline, Glucose--Insulin--Potassium (GIK) infusion, oxfenicine, etomoxir, [l]{.smallcaps}-carnitine, dichloroacetate and β-adrenergic blockers. The following is a brief discussion of these agents.

### 3.3.1. Perhexiline {#sec0080}

Perhexiline acts by shifting myocardial substrate consumption from fatty acids to carbohydrates through inhibition of Carnitine Palmitoyl Transferase-I (CPT-I) and, to a lesser extent, CPT-II, resulting in increased glucose and lactate utilization. Presently the drug is not available in India.[@bib0395], [@bib0550]

### 3.3.2. Glucose--insulin--potassium (GIK) infusion {#sec0085}

The beneficial effect of GIK infusion could be due to increased glycolysis and decreased FFA uptake and metabolism by myocardial cells.[@bib0385], [@bib0680] It can lead to lower myocardial oxygen requirement, decrease in proton and free radical accumulation, and improve myocardial energetics. Potential beneficial effects of GIK infusion can be anticipated when administration initiated within the first few hours of symptoms onset. The idea of early GIK therapy is backed by the recent findings from the IMMEDIATE trial, which are in line with the myocardial metabolic support that was hypothesized a long back ago for GIK. Previous futile experiences and relatively week beneficial effects of GIK in all the studies can be ascribed to late onset of infusion when the heart was already incurred significant damage.[@bib0680] There are several studies, which have shown the beneficial effects of GIK infusion[@bib0680] and presently it is used mainly in the acute setting of post myocardial infarction and LV dysfunction.

### 3.3.3. Etomoxir {#sec0090}

Etomoxir inhibits the CPT1 enzyme, but to a lesser degree than perhexiline. It has been examined in several animal studies, for cardiovascular beneficial effects,[@bib0685] and yet it has to be investigated in RCTs for cardiovascular effects. The long-term safety of etomoxir, has been questioned due to a recent clinical study involving 260 patients with moderate HF, which was stopped early due to four patients developed substantial hepatic dysfunction.[@bib0690]

### 3.3.4. [l]{.smallcaps}-Carnitine {#sec0095}

[l]{.smallcaps}-Carnitine is a co-factor in fatty acid metabolism. It augments the FFA metabolism and increases glucose oxidation.[@bib0695] Several clinical studies have shown a modest benefit in terms of LV energetics and function with [l]{.smallcaps}-carnitine use.[@bib0695] However, a recent study by Hazen, Koeth et al. raised a debate over the use of [l]{.smallcaps}-Carnitine. The study claimed that ingestion of certain diets (ex: red meat) possessing containing [l]{.smallcaps}-carnitine, causes intestinal bacteria to produce trimethylamine-N-oxide (TMAO), which in turn correlates with an increased risk of arteriosclerosis and other CV complications. On the other hand, the critics argue that TMAO is formed not only from meat but from many foods including vegetables, the study conducted in mice cannot be correlated to humans and the data is incomplete to draw a contradictory conclusion over the well-established four decades research experience (Koeth, 2013). Presently there is a need for large clinical studies pertaining to [l]{.smallcaps}-carnitine in various cardiac diseases.

### 3.3.5. Beta-adrenergic blockers {#sec0100}

Catecholamines induce lipolysis through β-adrenergic receptors. By blocking adrenergic receptors, activation of protein kinase A and hormone-sensitive lipase could be prevented, thereby lipolysis can be inhibited. Vasodilating β-blockers especially carvedilol can inhibit fatty acid oxidation by preventing lipolysis, and result in a decrease in plasma fatty acid levels.[@bib0415] Beta blockers are strongly recommended for treatment of CHF and LV dysfunction and act through multiple mechanisms.[@bib0700]

4. Present and future of metabolic therapy in CAD and HF {#sec0105}
========================================================

Presently trimetazidine and ranoloazine are the predominantly metabolic agents used among the ones available ([Table 1](#tbl0005){ref-type="table"}). Indeed, ESC guidelines-2013 recommended the use of trimetazidine (Recommendation: Class IIb, Level B) and ranolazine (Recommendation: Class IIa, Level B) as a second-line treatment for CAD according to heart rate, blood pressure, and tolerance.[@bib0515] Moreover, ESC guidelines-2016 recommended considering use of trimetazidine (Recommendation: Class IIb, Level A) (effective antianginal treatment, safe in HF) and ranolazine (Recommendation: Class IIb, Level C) (effective antianginal treatment, but safety in HF uncertain) when angina persists despite treatment with a β-blocker (or alternative) to relieve angina.[@bib0400] Further, the latest December 2016 recommendations -- "Management protocols of stable coronary artery disease in India" recommend trimetazidine to be particularly beneficial in diabetic multivessel coronary artery disease patients who may have diffused vessel disease. In fact, the guidelines also emphasize on the addition of trimetazidine when 2 hemodynamic agents fail to provide adequate symptom relief.[@bib0720] Moreover, as described in this review, presently, metabolic modulators especially trimetazidine has been demonstrated cardioprotective effects along with other interventions such as PCI, CABG and with thrombolytic agents. Presently these metabolic agents predominantly being used as add-on therapies. However, there is growing evidence to use them as first line agents along with hemodynamically active drugs. This results in better symptomatic relief with fewer side effects, than when two or three drugs all acting in a similar hemodynamic way are used. Metabolic management of CAD and HF holds great promise and additional large randomized trials would allow us to place these agents in their rightly deserved place.Table 1Details of metabolic modulators.Table 1FeaturesTrimetazidine[@bib0705], [@bib0710]Ranolazine[@bib0715], [@bib0720]Perhexiline (PEXSIG 100 mg tablets Data Sheet)Doses20 mg Film-coated tablets\
35 mg modified-release film-coated tablet500 mg, 1000 mg; 375 mg; (Extended-release tablets) 500 mg; 750 mg (Prolonged-release tablets)100 mg tabletsRoute of administrationOralOralOralMetabolismMinimal biotransformation into several metabolites only detectable in the urineO-demethylation and N-dealkylationPrincipal metabolites of are monohydroxyperhexiline and dihydroxyperhexilineExcretionHalf-life in young people: 7 h; people \>65 years: 12 hHalf-life: 7 hHalf-life: Two to six daysAdverse effectsDizziness, headache, Parkinsonian symptoms, palpitations, abdominal pain, diarrheaDizziness, headache, constipation, nauseaPeripheral neuropathy, hepatitis/cirrhosis, extrapyramidal dysfunction, muscle weakness and ataxiaTherapeutic indicationAdd-on therapy for the symptomatic treatment of patients with stable angina pectoris who are inadequately controlled by first-line antianginal therapiesAs add-on therapy for the symptomatic treatment of patients with stable angina pectoris who are inadequately controlled by first-line antianginal therapiesTo reduce the frequency of moderate to severe attacks of angina pectoris due to coronary artery disease in patients who have not responded to other conventional therapy or in whom such therapy may be contraindicatedAvailabilitySeveral countries including IndiaWorld wideAustralia and New Zealand[^1]

Coming back to the patient we had discussed in the beginning, based on the concomitant diseases and the drugs she is currently taking, we consider trimetazidine 35 mg twice daily as an effective and safe drug to relieve her symptoms and improve her cardiac function and even possibly her survival.

5. Conclusion {#sec0110}
=============

With the presently available evidence, metabolic modulators such as trimetazidine deserve to be regarded as an early addition to classic hemodynamic agents. Being extensively studied in clinical setup, trimetazidine demonstrates promising therapeutic opportunities in patients with ischemic heart disease and those with LV dysfunction and HF. Patients with and without diabetes, diffuse vessel disease, recurrent angina post PCI, or post CABG and with or without LV dysfunction would get all benefit without the addition of any serious side effects.[@bib0405]
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[^1]: Vd: volume of distribution; Vd~SS~: Vd at steady state.
